INTRODUCTION
As an extension of the work of Kuo et al [l] , we have developed a "Flying-Spot" lasersource/IR-detector camera in which the focal point of an unmodulated heating laser is moved at constant velocity across the sample while the image point of an IR detector is scanned at the same speed at a point just behind the laser beam. The detector is thus looking at the "thermal wake" of the heated spot. The time delay between heating and detection is determined by the speed of the laser spot and the distance between it and the detector image. Since this distance can be made arbitrarily small (Actually it can be made negative; the detector can lead the heated spot.), the camera is capable of making thermal wave images of phenomena which occur on a very short time scale. In addition, because the heat source is a very small spot, the heat flow is fully three-dimensional. This makes the camera system sensitive to features like tightly closed vertical cracks which are invisible to imaging systems which employ full-field heating. EXPERIMENTAL ARRANGEMENT Figure 1 shows a schematic drawing of the experimental set-up of the camera. An argon ion heating beam passes through a focussing lens, and is deflected by a fixed mirror onto a pair of scanning mirrors. The scanning mirrors are arranged in such a way that they can scan a two-dimensional raster on the sample. Part of the infrared radiation emitted by the surface of the sample passes back through the scanning mirrors to the fixed mirror, which, although opaque to visible light, is transparent to infrared. TheIR radiation thus passes through the fixed mirror and is focussed by a germanium lens onto a cooled HgCdTe IR detector. The germanium lens is so positioned that radiation from a point on the sample surface is focussed at the detector. Since the IR radiation has passed through the same scanning mirrors as the laser beam, the point which is imaged on the detector by the germanium lens is scanned in the same pattern as the laser spot, but with a relative displacement which is determined by the position of the detector in the focal plane of that lens. The detector and sample positions are determined by computer-controlled stepping motors. The same computer (a Macintosh II) controls the scanning mirrors and processes the data from theIR detector. Perhaps the easiest way to think of the operation of the system is to imagine the mirrors as scanning two spots on the surface of the sample, the actual focal spot of the laser beam, which supplies the heat, and the image of the detector, which can be thought of as detecting the thermal waves generated by the heating spot. As indicated above, the relative position of the two spots, while fixed during any given scan, can be varied in either or both of the two scan directions to measure thermal wave propagation in an arbitrary direction with an arbitrary time delay. 
TIIEORY OF SIGNAL GENERATION

Scanner Control
To model the operation of the Flying Spot camera we imagine a point heat source moving in a straight line (taken to be the x-direction) across the sample's swface (taken to be the plane z = 0) with a constant speed v. The temperature distribution produced by such a source can be written as, (1) where Q, a, p, and care respectively the source power, the thermal diffusivity, the density, and the specific heat of the sample. It should be noted that the square root in the exponent is always positive so that, depending on the sign of (x-vt), the two terms in the exponent will tend either to cancel or to add. The effect of this is that the temperature falls off exponentially in front of the source, but like the reciprocal of the distance behind it. If this expression is evaluated at a point which stays a distanced behind the source (x = -d + vt), with an arbitrary displacement in the y-direction, the time dependence cancels, and the expected thermal signal is a constant given by (2) Variations in the signal occur only when some defect or other thermal inhomogeneity passes under the source. For instance, when the source is approaching a vertical crack in the sample, the surface temperature distribution consists of the expression in Eq. 1 above plus an "image" term which appears to move in the opposite direction. When this distribution is evaluated at a moving point a distance d behind the source, the image term appears to be moving at twice the speed, and introduces a time dependence into the signal:
After the source passes over the crack, the expression for the temperature distribution can again be calculated, and again contains a (different) time-dependent term. It is timedependent terms such as these which are responsible for the contrast in the images produced by the Flying Spot camera. They represent thermal waves reflected back from defects as seen by a moving detector.
RESULTS
We illustrate the use of the Flying Spot camera with a sample of graphite which contains a fabricated closed vertical crack (actually a very tight glue joint). The sample surface was polished after fabrication of the crack so that it is not visible optically. An optical fiduciary mark (a 0.5 mm wide strip of masking tape) was placed adjacent the the crack after polishing. This is illustrated in Fig. 2 which is a scanned optical image, made by looking at the surface of the sample with an optical detector as the laser spot was being scanned. It shows only the fiduciary mark. Figure 3 is the Flying Spot thermal wave image of the same area of the sample shown in Fig. 2 . This image shows not only the fiduciary mark (tape), but also the adjacent crack. In addition, the Flying Spot image of the tape shows that the bonding of the tape to the sample is quite uneven, illustrating the camera's ability to detect delaminations and variations in adhesion.
An illustration of the effect of varying the source-detector separation, and hence the delay time is shown in Figs. 4 and 5. These images show a painted metal panel which has been scratched in preparation for a tape adhesion test. Three scratches of different depths (increasing from left to right) are present in the area imaged. The image in Fig. 4 was made with the detector superimposed on the source spot (no delay time). It shows only the surface infrared features of the scratches. The image in Fig. 5 was made with the detector behind the source. This delay allows the detection of thermal waves scattered from subsurface features. In this case the image shows a delaminated region adjacent to the deepest scratch. 
